to be a dominant cause of carbon dioxide emissionsespecially for nonrenewable energy consumption, which has affected global warming in recent years.
China continues to be the largest CO 2 -emitting country in the world based on its share of global CO 2 emissions (Fig. 2) . To some extent, this is anticipated since the country is still in the phase of industrialization. Some pollution-intensive industries such as iron and steel, cement, paper, and pulp depend heavily on energy investments, which have led to severe environmental pollution. Fig. 3 shows that CO 2 emissions in China have increased greatly with the development of the economy over the years. Prior to the 1978 rural economic reforms, both GDP and CO 2 emissions had static growth, and afterward CO 2 emissions increased steadily alongside economic development.
We also find that carbon dioxide emissions have increased rapidly with coal consumption. Most electricity, cement production, and some economic activities are generated by coal in China, which emits a great deal of CO 2 into the environment. Hence, it would be necessary to control the energy consumption structure in China in order to reduce total energy use by expanding renewable energy consumption opportunities. In this way, carbon dioxide emissions may be reduced, and the environment protected from further depletion. This paper, therefore, investigates the relationship among economic growth, energy intensity, and carbon dioxide emissions in China using static and dynamic analyses. The rest of the paper is organized in the following manner: we examine the background and some applications of the environmental Kuznets curve (EKC) hypothesis for studies in different countries. This is followed by material and methods including the econometric model and data. The results and discussion follow suit and, finally, conclusions and policy recommendations.
Background on Environmental Kuznets
Curve Hypothesis
With the development of industrialization, environmental pollution has become more serious. Many scholars have investigated the relationship among energy consumption, environmental pollution, and economic growth. The EKC hypothesis put forward states that there is an inverted U shape in the long-term relationship between environmental degradation and economic growth in most economies [5] . The EKC theory is actually an extension of the original Kuznets' inverse U-shaped relationship found between inequality and per capita income in the United States [6] . After the birth of EKC, the theory aroused great interest amongst scholars from different countries. The results from previous research based on EKC mostly confirm its existence in many countries -especially in Asia and Africa [7] [8] [9] [10] [11] [12] [13] . Other studies that examined the EKC hypothesis include a study to examine the consequences of corrupt and rent-seeking attitude by government to determine the relationship between pollution and economic growth. They found that corruption is unlikely to preclude an inverted U-shaped relationship under cooperative and non-cooperative interactions between government and private firms, while pollution levels and corrupt attitudes correspond to each other [14] .
Using data from the International Energy Agency (IEA) made up of OECD and non-OECD nations to examine the robustness of EKC for CO 2 , the research found that EKC is not dependent on data source; although an inverted U-shaped relationship exists in OECD nations, but not in non-OECD nations [15] .
As to whether there is an animal welfare Kuznets curve using animal concerns in agriculture, laboratories, pets, and the fur industry, another study found mixed results, with measures not showing signs of improved animal welfare [16] . A study on the causal relationship between per capita GDP and solid waste generation in Henan Province, China, confirmed the EKC hypothesis existence between them [17] .
In Suzhou, a city in China, the EKC principle was used to examine the relationship among waste disposal, economic growth, and trade growth. It was realized that as GDP value and export volumes increase, waste disposal also increased significantly [18] . The relationship among real GDP, CO 2 emissions, and energy consumption using data from 12 Middle East and North African (MENA) countries from 1981 to 2005 found that GDP has a quadratic relationship with CO 2 emissions, while energy consumption positively impacts carbon dioxide emissions [19] . In the long-run, income and carbon emissions satisfy the EKC conditions but with non-uniform points of inflexion, which imply weak support for the EKC inverted U-shaped hypothesis.
An estimated long-and short-run elasticity of energy consumption and energy R&D to variations in oil prices and income for 20 OECD (Organization for Economic Co-operation and Development) member countries from 1980 to 2010 using NPAM (Nerlove partial adjustment model) for the analysis found that economic growth led to an increase in the use of cleaner energy forms, thereby promoting R&D in renewable energy [20] .
A study on the nexus between economic growth and biomass consumption for 51 nations in sub-Saharan Africa also found that economic growth significantly impacts biomass consumption [21] . In terms of coal consumption and economic growth, there exists a bidirectional relationship between them in Pakistan [22] , when error correction model (ECM) and Granger causality tests were employed on data from 1974 to 2010.
Last but not the least, using monthly data from 1981 to 2014, a recent study [23] based on Pearson's Correlation method shows that vegetation dynamics are significantly affected by changes in climatic factors in northeastern China.
The following are the potential innovativeness of the paper: first we analyzed the relationship among economic growth, energy intensity, and carbon dioxide emissions in China using static and dynamic regression methods. Second, we compared the static and dynamic effects of economic growth and energy intensity on carbon dioxide emissions. Third, we employed Granger causality to examine the likely mutual impacts, and also used the impulse response function to analyze the future possible influence of energy intensities on carbon dioxide emissions.
Material and Methods

Econometric Model and Data Source
This paper mainly investigates the relationship among economic growth, energy intensity, and carbon emissions in China. We also check for the existence of EKC hypothesis in China through time series data analysis from 1952 to 2012. Following EKC (Grossman and Krueger, 1994), the econometric model is stated as in Equation (1): CO 2t = α+β 1 income t + β 2 (income t ) 2 + β 3 industry t + β 4 coal t + β 5 oil t + β 6 gas t + β 7 elec t + ε t (1) …where CO 2t is carbon dioxide emission in metric tons per capita, as the dependent variable; while income, income 2 , industry, coal, oil, gas, and elec are the real income per capita, square of real income per capita, industry, and coal, oil, gas and electricity consumption per capita, are the independent variables with ε denoting the random disturbance, α is the constant variance and β 1 to β 7 are coefficients of variation. To lessen heterogeneity of different units, we take logarithm for the related variables.
The static model is indicated as in Equation (2) 
…where lnCO 2, lnincome, lnincome 2 , lnindustry, lncoal, lnoil, lngas, and lnelec are the natural logs of CO 2 emissions (metric tons) per capita, real income per capita, square of real income per capita, industry, and coal, oil, gas and electricity consumption per capita, and ε denotes the random disturbance, α is the constant variance, and β 1 to β 7 are coefficients of variation. The square of income is added in order to test the EKC. We compute industry rate through the ratio between industry and GDP, both of which have been deflated according to the base year of 1990.
Energy intensity is defined as the use of energy over GDP or energy input over industrial output [24] [25] [26] [27] [28] , and thus: EI = e/y = EC/GDP (3) …where EI is energy intensity, e is energy consumption (EC), and y is gross domestic product (GDP).
Equations (1-3) estimate different energy intensities through the ratio of coal, oil, gas, electricity consumption, and GDP. We used annual time series data taken from 1952 to 2012, which is obtained from China's Compendium of Statistics (1949 Statistics ( -2008 and the Statistical Yearbook.
In order to take care of dynamic changing effect, we also differentiate all variables on both sides of the static equation. The dynamic model is indicated in Equation (4) (4) …where ΔlnCO 2, Δlnincome, Δlnincome 2 , Δlnindustry, Δlncoal, Δlnoil, Δlngas, and Δlnelec indicate the differentiation of the natural logs of CO 2 emission (metric tons) per capita, real income per capita, square of real income per capita, industry, and coal, oil, gas and electricity consumption per capita; ε is the random disturbance; α is the constant variance; and β 1 to β 7 are coefficients of variation.
Other studies found that CO 2 emissions have increased with industrial development in China. Industries have contributed largely to China's economic growth, especially in heavy industries. On the other hand, these heavy industries have seriously polluted the natural environment of China, requiring stakeholders to develop environmentally friendly technologies to reduce pollution.
Results and Discussion
We first conduct descriptive analysis, and then test EKC in China by static and dynamic regressions. Then, Granger causality analysis is conducted to analyze the mutual relationships among energy intensity, economic growth and carbon dioxide emissions. We also employ the impulse response function to predict how different energy intensities might influence carbon dioxide emissions in the next 30 years.
Descriptive Analysis
According to Table 1 , the mean of CO 2 is 238,908.4. It can be observed that CO 2 emission has the greatest standard deviation of 224,766.9, which is followed by income at 2,894.771.
By comparing the values of different energy intensities, coal is higher than the other forms of energy used with a mean value of 4.296986. This implies that China continues to use more coal than any other source of energy, which is a dominant possible cause of carbon dioxide emissions in the country. This is in line with recent findings on the relationship between coal consumption and economic growth in China [29] , and Chen [30] also found that coal consumption in China mainly consists of soft coal of about 75-80% and anthracite coal of about 20%.
Static Analysis
We conduct static regression analysis to determine the effects of real income per capita, square of real income per capita, industry, and coal, oil, gas and electricity consumption per capita as well as economic growth (GDP) on carbon dioxide emissions. Table  2 shows the results on the determinants of carbon dioxide emissions. It indicates that CO 2 emissions have an inverted U-shaped relationship with income, which conforms to the EKC hypothesis. Accordingly, as income increases in China, the emission of carbon dioxide also increases. It appears then, that economic development is dependent on environmental pollution in the early phase of industrialization. When environmental pollution worsens, government tends to strengthen environmental regulations thereafter.
The results also show that carbon dioxide emissions will decrease with an increase in per capita income, while industry rate has a positive influence on carbon dioxide emissions. Furthermore, the signs of industry rate are positive, even though it is statistically insignificant in models III (0.0618) and IV (0.0563). Also, the values of R 2 in all the models are above 90%, and this indicates the relatively high explanatory power of the independent variables on the dependent variable.
We can observe that industries such as cement, paper, iron, and steel firms have contributed largely to polluting the natural environment of China. Nowadays, pollution-intensive industries have caused great hazards in many cities in China. It is better to develop clean industries to control environmental pollution. Compared with other energy uses, coal energy intensity has the largest influence on carbon dioxide emissions. Oil intensity has a positive impact on environmental pollution. It is found that gas intensity has a negative impact on carbon dioxide emissions. Even though electricity intensity is insignificant, the sign of its influencing coefficient is negative. It is better to change energy structure in China to control the consumption of fissile energy. It is advisable to explore and use more nonrenewable energy as a way to protect the environment. With time, environmental pollution has become more severe in the country and it is important to develop value-added products of coal, such as coal coking, electricity generated by coal, and coal gasification in order to decrease carbon dioxide emissions.
Dynamic Analysis
Following static regression, we also employ the dynamic regression analysis method to examine the determinants of carbon dioxide emissions. The results of the dynamic analysis as shown in Table 3 are almost similar to those of the static results. Carbon dioxide emissions changes have inverted U-shaped links with per capita income changes. For instance, the sign of income is positive while the sign of change in income is negative in all models, and they are all statistically significant.
The differentiation of industry rate has a positive impact on the carbon dioxide emission changes. It is important to transform industry structure to develop green innovation to decrease environmental pollution. Also, the changes of coal intensity have the largest influence on carbon dioxide emission changes.
The oil intensity changes have a positive impact on carbon dioxide emissions changes. This implies that it is important to decrease fossil energy and rather explore the diversification of their value-added products. It is also found that change in gas intensity has a negative influence on carbon dioxide emissions.
Granger Causality Analysis
This method is employed in the study as a statistical null hypothesis tool due to its suitability for detailed Note: Standard deviations are in parentheses. Statistically significant at 1% (***), 5% (**), and 10% (*) levels.
analysis of time-series data. The Granger causality method not only helps to indicate the dimensions of the impact or effect between two variables, but enables the dynamic relationship between two pairs of variables to be specified. In other words, the Granger causality method is used to determine whether two different variables have a mutual relationship or otherwise. According to Soytas [31] , the results of applying the Granger causality method offers more convincing evidence for policy decision-making process.
Results of Granger causality method can be one-way (unidirectional), two-way (bidirectional), or no mutual (neutral) relationship [32] . Therefore, the Granger causality analysis method is employed in this study to mainly test whether different energy consumption and CO 2 emissions have a two-way relationship or not.
As evidenced by Table 4 , coal consumption has a two-way Granger causal relationship with carbon dioxide emissions in China. As a nonrenewable energy source, the use of coal in China needs to be reconsidered if environmental pollution is to be drastically reduced. From the table below, oil consumption and carbon dioxide emissions, however, have no mutual relationship, while the link between gas usage and CO 2 emissions has a unidirectional relationship. It therefore appears that some part of income is derived from the causes of environmental pollution in China.
Impulse Response Function Analysis
Impulse response analysis has also been employed to predict four different energy intensities' influence on carbon dioxide emissions for the next 30 years in China (see Fig. 4 ). This indicates that coal consumption has the greatest impact on carbon dioxide emissions, which in turn means that CO 2 emissions will continue to increase before the forward 4 th year and decrease from the coming 4th to the 6th years, after which it will have a positive response with the consumption of coal again until the 10th year, and then decrease slightly, but rises again into the 30 th year. The least effect of the four different energy intensity scenarios on CO 2 emissions is gas. It has a negative response to CO 2 emissions from the forward 5 th year by dropping steeply and continues in the negative region for the coming 25 years. It is against this backdrop that China is encouraged to explore more use of gas, followed by biofuel and finally electricity generated from renewable sources, instead of the continuous heavy reliance on coal consumption with its negative impact on the environment. Note: Standard deviations are in the parentheses. Statistically significant at 1% (***), 5% (**), and 10% (*) levels.
Conclusions and Policy Recommendations
As a result of the rapid economic growth in China, there has been an accompanying dramatic increase in carbon dioxide emissions over the years. In this study, therefore, we investigated the relationships among economic growth, energy intensity, and carbon dioxide emissions in China using static and dynamic analyses. 1) The results show that coal consumption is the dominant form of energy in China with a mean value of 4.296 as compared to oil, electricity, and gas, with mean values of 0.817, 0.226, and 0.098, respectively. Note: statistically significant at 1% (***), 5% (**), and 10% (*) levels Fig. 4 . Impulse response function analysis results.
2) The results also indicate that there is an inverted U-shaped link between carbon dioxide emissions and income, which is a confirmation of the existence of the EKC hypothesis in China. 3) We further employ the Granger causality analysis, which shows that coal consumption has a bidirectional link with carbon dioxide emissions, while oil consumption and CO 2 emissions have a neutral relationship. 4) Furthermore, gas consumption has a unidirectional causal relationship with carbon dioxide emissions, which means that … 5) With impulse response function analysis, this study indicates that coal, electricity, and oil consumption have significant positive effects on carbon dioxide emissions, while gas consumption has the least and negative impact on CO 2 emissions based on forecasts for the next 30 years using 4 different energy intensities. Overall, the unprecedented economic growth of China has resulted in great use of energy, leading to an increase in CO 2 emissions. Policywise, we recommend that in order to ensure sustainable economic growth with less damage to the environment: 1) Major industries in China with high pollution tendencies should be encouraged to improve technologies to limit carbon dioxide emissions through strict enforcement of the country's environmental laws. For instance, heavy fines should be imposed on the 'dirtiest' industries to deter others. 2) The Ministry of Environment and Protection should educate industry managers on the need and methods to improve efficiency in energy use through new technologies that will help protect the natural environment of China. 3) Finally, we suggest that policymakers should encourage coal gasification in China, which can offer better environmental benefits at lower cost in helping address the concerns on the atmospheric buildup of greenhouse gases such as carbon dioxide. These measures, among others when fully implemented, can help promote sustainable economic growth and development in China, without much destruction to the natural environment.
